Effect of Shadowing on Charm and Bottom Production at RHIC and LHC by Schmitt, J O et al.
Effect of Shadowing on Charm and Bottom Production at RHIC
and LHC
Jens Ole Schmitt, Gouranga C. Nayak, Horst Sto¨cker and Walter Greiner
Institut fu¨r Theoretische Physik, J. W. Goethe-Universita¨t, 60054 Frankfurt am Main, Germany
Abstract
We study the influence of nuclear shadowing on the production of heavy
quark/anti-quark pair at LHC and RHIC energies. While we do not nd
any qualitative dierence in the production of heavy quarks at RHIC and
LHC, a signicant reduction in the production cross section of charm and
bottom quarks is apparent at high energies. The occurence of bound states
such as J/Ψ is suppressed by this reduction in charm production cross sec-
tion. Therefore, J/Ψ suppression has only to be used with reservations as an
indirect signature of the quark gluon plasma.
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As lattice QCD results indicated, hadronic matter probably undergoes a phase transition
into a deconned quark-gluon plasma (QGP) phase, provided a temperature about 200
MeV or an energy density  2 GeV/fm3 is reached [1]. High energy heavy ion colliders at
RHIC (Au-Au at
p
s=200 GeV) and LHC (Pb-Pb at
p
s=5.5 TeV) will provide the best
opportunity to study the formation and evolution of QGP [2]. As QGP exists only for a very
short time (several fermi) in a very small volume ( 100 fm3), a direct detection of this state
of matter is not possible. Thus various indirect signatures have to be used for its detection.
The prominent ones among the suggested signatures are J/Ψ suppression [3], strangeness
enhancement [4,5], dilepton and photon production [6{9]. Although these signatures are
proposed, a concrete calculation of these signatures in these experiments is not an easy task.
Many uncertainties, both theoretical and experimental, exist which make it very dicult to
claim the existance of the quark-gluon plasma. In this paper we will address the situation
with J/Ψ suppression.
A correct computation of J/Ψ suppression in ultrarelativistic heavy-ion collisions
(URHIC) is an extremely dicult problem. There are many uncertainties in this calcu-
lation. First of all one has to understand the production of J/Ψ in nuclear collisions before
addressing its suppressions. The main uncertainty lies in the accurate determination of the
non-perturbative matrix element for J/Ψ production from the C C pair. The second uncer-
tainty lies in the accurate determination of the nuclear partonic structure function used to
compute C C. Once these two issues are solved then one can compute J/Ψ production in high
energy heavy-ion collisions. This is not trivial and many problems are associated in both
parts. In this paper we will address how signicantly heavy quark production cross section
is changed when modied nuclear partonic structure functions are taken into account.
Before proceeding to our calculation we briefly mention some of the other eects which
must be considered for a correct calculation of J/Ψ suppression. First of all we mention
that the space-time evolution of quark-gluon plasma in ultra relativistic heavy-ion collisions
is described in various stages, namely; 1) Pre-equilibrium, 2) Equilibrium and 3) Hadroniza-
tion. Once C C is formed, it travels in pre-equilibrium stage of the quark-gluon plasma. The
charm quarks scatter with the light quarks and gluons in the medium and hence modify the
charm production cross section. It is not easy to keep track of all the interactions a charm
quark encounters during its propagation in the non-equilibrium medium. This is because a
correct description of non-equilibrium space-time evolution of the quarks and gluons formed
in nuclear collisions is a dicult problem. On the other hand if a J/Ψ is formed then its
interaction with quarks and gluons in non-equilibrium medium has also to be taken into ac-
count. In the equilibrium stage one can argue that they are screened. But a real dynamical
screening argument has to be given. The screening argument given in [3] is valid for a static
plasma as calculation was done in lattice QCD which assumes static temperature. In heavy-
ion collisions the temperature is local and space time dependent and a screening calculation
involving local space-time dependent temperature is not available. The J/Ψ also interacts
with the hadrons in the hadronization phase. Hence all these eects have to be considered
in the study of J/Ψ suppression at RHIC and LHC. However, it is very non-trivial to carry
out a thorough investigation of all the eects mentioned here.
In this paper we address one of the above issues, i.e. we compute heavy-quark production
at RHIC and LHC by taking modication of the nuclear partonic distribution functions
into account. The modication of nuclear parton distribution function (i.e, FA2 (x, Q
2) 6=
2
A FN2 (x, Q




2) and GA(N)(x, Q2) are the quark and gluon structure function of
the nucleus (nucleon), x is the momentum fraction of the parton and Q2 is the momentum
transfer in the deep inelastic lepton nucleus (nucleon) scattering. We take the modied
nuclear structure function from the previous study [11], where it has been shown that there
is a strong shadowing of the parton structure functions at low x. This strong shadowing is
expected to reduce the heavy quark production signicantly.
At the leading order, the most dominant processes of Q Q production is given by g(p1)+
g(p2)! Q(p3) + Q(p4). The squared amplitude for this process is [12]
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3(M2 − t)(M2 − u) − 6
(M2 − t)(M2 − u) + M2(u− t)
s(M2 − t) − 6
(M2 − t)(M2 − u) + M2(t− u)
s(M2 − u) ], (1)
where M is the mass of the heavy quark. The Mandelstam variables s^, t^, u^ are dened by
s^ = (p1 + p2)
2, t^ = (p1 − p3)2, u^ = (p1 − p4)2
with the four-momenta p1, p2 and p3, p4 of the incident and the scattered particles respec-
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Assuming Q2 = s^ [12], the α(Q2) can be taken out of the t^ integration and we nd for the


































This is the dierential cross section for the partonic scattering process gg ! Q Q. The total












where s^ = x1x2s and g
A is the gluon structure function of a bound nucleon inside the nucleus
A. On these equations nuclear shadowing will have an influence, as the nuclear structure
functions are reduced in comparison to free nucleon structure functions at low x. The gluon
3
shadowing we use is taken from [11]. The gluon distribution function inside a free nucleon
and the coupling constant α(s^) are taken from GRV98 parametrization [13].
In Fig.1 we present cross section for heavy quark/anti-quark pair production at RHIC
energy as the function of heavy-quark mass. The dashed line is obtained by using no-
shadowing gluon distribution functions, i.e, i.e. we have used gA(x, Q2) = gN(x, Q2) with
gN(x, Q2) taken from GRV98 parametrization [13]. Note that our results are with respect
to the nucleon-nucleon scattering in nuclear collisions. To map this result for two nucleus
collisions one has to multiply our results by A2. The solid line is obtained by using strong
shadowing of gluons at high energy [11]. It can be seen that the shadowing in gluon distribu-
tion function decreases the heavy quark production cross section signicantly. The reduction
of charm quark production cross section at RHIC and LHC is interesting because the sup-
pression of J/Ψ may be due to the shadowing of the initial gluon distribution functions inside
the nucleus rather than existence of QGP. However, before making any conclusion one has
to compute J/Ψ production by using suitable model for hadronization. In addition to this,
one has to compute secondary charm quarks which are produced from the rescattering of
minijets which are formed in high energy heavy-ion collisions. In Fig.2 we present the cross
section for heavy quark/anti-quark pair production at LHC energy. The dierence is found
to be much larger than at RHIC.
In Fig.3 we present the C C production cross section as a function of
p
s. The dashed
line is without shadowing and solid line is with shadowing of gluons. It can be seen that the
C C production cross section at RHIC for both the cases are not much dierent. However,
the dierence becomes quite large when one goes to very high energy nuclear collisions. At
LHC energy the reduction in cross section is quite large, about a factor of 10. The same is
true for B B production at dierent energies, see Fig.4. We mention here that our results
are obtained from the leading order process gg ! Q Q. One can multiply a K factor ( 2)
to take higher order processes into account.
In summary, we have computed heavy quark/anti-quark pair production cross sections
at RHIC and LHC energies with shadowing of initial gluons taken into account. We have
considered the lowest order pQCD scattering process gg ! Q Q. It is shown that the
shadowing of gluon distribution function signicantly decreases the production cross section
of heavy quarks at LHC. At RHIC energy this dierence is not very large. We observe that
a reduction of charm quark cross section due to shadowing is very signicant because J/Ψ
suppression might occur due to the depletion of gluon distribution functions.
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FIGURE CAPTIONS
Fig. 1. The cross section in mb from the process gg ! Q Q at RHIC. Solid (dashed)
line is without (with) gluon shadowing (explained in the text).
Fig. 2. The cross section in mb from the process gg ! Q Q at LHC. Solid (dashed) line
is without (with) gluon shadowing (explained in the text).
Fig. 3. The cross section in mb from the process gg ! C C. Solid (dashed) line is
without (with) gluon shadowing (explained in the text). MC = 1.5 GeV is used in the
calculation.
Fig. 4. The cross section in mb from the process gg ! B B. Solid (dashed) line is
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